Inhibition of cell division by beryllium (Be2+) has been examined in synchronized cultures of a liver-derived cell line (BL9L cells) using cytofluorometric cell cycle analysis. Results show that a selective dose-related block of the G,-pre-S transition is produced, with other periods of the cell cycle appearing relatively insensitive.
Inhibition of cell division by beryllium (Be2+) has been examined in synchronized cultures of a liver-derived cell line (BL9L cells) using cytofluorometric cell cycle analysis. Results show that a selective dose-related block of the G,-pre-S transition is produced, with other periods of the cell cycle appearing relatively insensitive.
The notional separation of the cell division cycle into the DNA synthetic phase (S), the first gap (G,) between mitosis (M) and S, and the second gap (G2)
between S and M, in addition to the concept of resting cells (G) , is well established (Howard & Pelc, 1953 ; reviewed by Stein & Baserga, 1972) . Recent use of selective fluorescent stains to identify both the amount and structural form of DNA present in nuclei in conjugation with flow cytometry measurements has facilitated the routine and rapid analysis, with commercially available instruments, of the cell cycle into G1(G), S and G2/M phases (Darzynkiewicz et al., 1977; Gray et al., 1979) . Accordingly the procedure of cytofluorometric cell cycle analysis has become extremely useful to study the effects of exogenous chemicals on the cell cycle, particularly in synchronized dividing cell culture systems. A number of genotoxic or carcinogenic metals have been examined by cytofluorometric cell cycle analysis, and, for example, arsenic, nickel and cobalt have been shown to produce an S phase specific cell block (Costa et al., 1982) , whereas chromium prolongs the G2/M phase (Bakke et al., 1982) . Our interest has been concerned with the metallocarcinogen beryllium (Be2+), which for some years has been known to inhibit both cell division of cultured cells (Chevremont & Firket, 1951) and the process of DNA synthesis in hepatic cell regeneration (Witschi, 1970) . Furthermore, indirect evidence, from time lapse cinematographic analysis, of an increase in cell interdivision time in BeCl2-treated fibroblasts (Absher et al., 1983) and the inhibition by BeSO4 of histone phosphorylation in regenerating liver (Kaser et al., 1980) (Oxoid) ] for 2min at room temperature, followed by removal of the medium and incubation of the cells at 370C for 8 min prior to elution from the dish by suspension in culture medium. Cells were then centrifuged at 350g for 2min and washed once with phosphate-buffered saline. Cells (3 x 106) were next subcultured in 9 ml of serum-free culture medium for 4h [during which time attachment occurs without multiplication (Temin et al., 1972) ] followed by replacement in the normal culture medium (with 5% serum) containing any other additions, to initiate the cell division cycle. Under these conditions S phase commenced at about 16h, and was maximal at 20h (50-60% of cells). The greatest proportion of cells in the G2/M phase (15-20%) was also observed at about 20h and was followed by a gradual return of cells to G1(Go) between 24h and 72h.
Cytofluorometric cell cycle analysis
At the indicated times cells were removed from the culture dishes by the trypsinization procedure described above, prior to dispersion in 5 ml of filtered (0.22,um) of Be2+ necessary to cause cytotoxicity to liver cells both in vivo (Skilleter & Price, 1978) and in vitro (Skilleter & Paine, 1979) . Table 2 shows that the effects of Be2+ on cell division were also consistent with the inhibitory effects seen on the increase in total cell protein and DNA synthesis during the 24 h incubation period. The studies described illustrate a Be2+ block in the G1-S phase of the cell cycle and imply there is no inhibition of the S-G2/M or G2/M-G1(GO) phases.
It is known that both pinocytosis and phagocytosis of a variety of materials by cells is less during the G2/M than G, phase (Riley & Dean, 1978; Quintart et al., 1979; Berlin & Oliver, 1980) and we have previously shown that Be is taken up by cells primarily by endocytosis (Skilleter & Paine, 1979 ). Therefore, it was possible that the apparent lack of Be2+ effect on the S-G1 phases might be due to a markedly decreased rate of Be2+ accumulation during this period. This suggestion had some support from the observation that in the presence of 504uM-BeSO4, monolayer Be2+ uptake between either 16-20h or 20-24 h was approx. 50% of that measured during 0-4h (Table 3) . However, during the same exposure periods, but in the presence of media containing 500pM-BeSO4, more comparable levels of Be uptake were observed (Table 3 ), yet, no inhibition of the S through G2/M to G, phases was apparent after addition of 500,uM-BeSO4 to the cells at 16 h (Fig. 2) . It must therefore be concluded that, Vol. 216 Cell cycle analyses were performed on monolayer cultures of BL9L cells as detailed in Fig. 1 after incubation under the following conditions. Samples 1, 2 and 4: incubation in Be2+-free media for 16h, 24 h and 48 h respectively. Samples 3 and 5:
incubation in the presence of 500,uM-BeSO4, added at 16h and analysed at 24h and 48h respectively.
during the periods of DNA synthesis and mitosis, although Be is accumulated by BL9L cells it is either not released intracellularly to exert its effects, or that these phases of the cell cycle are relatively insensitive to the inhibitory action of the metal ion.
Reasons for the sensitivity of the G1-pre-S phase to Be2+ cannot be provided from data presented in the present paper. However, previous studies have shown that BeSO4 can inhibit nuclear protein phosphorylation processes (Kaser et al., 1980; Williams & Skilleter, 1983) and Be2+ has a strong affinity for binding to non-histone nuclear proteins (Parker & Stevens, 1979) . It is suggested, therefore, that since non-histone proteins are actively and selectively phosphorylated during the first few hours of the G1-S phase of the cell cycle (reviewed by Stein & Baserga, 1972; it could be the inhibition of these phosphorylation processes that is responsible for the observed Be2+ inhibition of cell division.
